P Maurice Wilkes Award
p.- 128

May/June 2016

C

zine for chip and silicon systems designers

p:/lwww.computer.org/micro



Ty mevpyaiaa fae 3aip aiml siliznn 3y3i3ms ida3ignas

May/June 2016

Volume 36 Number 3

Features

6

10
20

31

42

54

60

72

84

94

Guest Editors’ Introduction: Top Picks from the 2015 Computer
Architecture Conferences
Milo Martin and Daniel Sorin

Practical Multidimensional Branch Prediction
André Seznec, Joshua San Miguel, and Jorge Albericio

A Heterogeneous Von Neumann/Explicit Dataflow Processor
Tony Nowatzki, Vinay Gangadhar, and Karthikeyan Sankaralingam

Accelerating the Accelerator Memory Interface with Access-Execute and
Dataflow
Chen-Han Ho, Sung Jin Kim, and Karthikeyan Sankaralingam

Sirius Implications for Future Warehouse-Scale Computers

Johann Hauswald, Michael A. Laurenzano, Yunqi Zhang, Cheng Li, Austin Rovinski,
Arjun Khurana, Ronald G. Dreslinski, Trevor Mudge, Vinicius Petrucci, Lingjia Tang,
and Jason Mars

Profiling a Warehouse-Scale Computer
Svilen Kanev, Juan Pablo Darago, Kim Hazelwood, Parthasarathy Ranganathan, Tipp
Moseley, Gu-Yeon Wei, and David Brooks

MBus: A System Integration Bus for the Modular Microscale Computing Class

Pat Pannuto, Yoonmyung Lee, Ye-Sheng Kuo, ZhiYoong Foo, Benjamin Kempke, Gyouho
Kim, Ronald G. Dreslinski, David Blaauw, and Prabal Dutta

Nonvolatile Processor Architectures: Efficient, Reliable Progress with
Unstable Power

Kaisheng Ma, Xueqing Li, Karthike Swaminathan, Yang Zheng, Shuangchen Li, Yongpan
Liu, Yuan Xie, John (Jack) Sampson, and Vijaykrishnan Narayanan

Exploiting Interposer Technologies to Disintegrate and Reintegrate
Multicore Processors
Ajaykumar Kannan, Natalie Enright Jerger, and Gabriel H. Lob

Achieving One Billion Key-Value Requests per Second on a Single
Server

Sheng Li, Hyeontaek Lim, Victor W, Lee, Jung Ho Abn, Anuj Kalia, Michael
Kaminsky, David G. Andersen, Seongil O, Sukhan Lee, and Pradeep Dubey

105 Unlocking Ordered Parallelism with the Swarm Architecture

Mark C. Jeffrey, Suvinay Subramanian, Cong Yan, Joel Emer, and Daniel Sanchez

118 Range Translations for Fast Virtual Memory

Jayneel Gandhi, Vasileios Karakostas, Furkan Ayar, Adridn Cristal, Mark D. Hill,
Kathryn S. McKinley, Mario Nemirovsky, Michael M. Swift, and Osman S. Unsal

Departments

2

From the Editor in Chief
Lieven Eeckhout
Top Picks and Welcoming New Editorial Board Members

128 Awards

Per Stenstrom
2015 Maurice Wilkes Award Given to Christos Kogyrakis

130 Micro Economics

Shane Greenstein
Economic Growth from Technical Advance

Computer Society Information, p. 5
Advertising/Product Index, p. 41

Published by the IEEE Computer Society
http://www.computer.org/micro

Cover artwork by Giacomo Marchesi
www. GiacomoMarchesi.com

On the Web

www.computer.org/micro
For more information on computing topics,
visit the Computer Society Digital Library at
www.computer.org/csdl.

1EEE Micro (ISSN 0272-1732) is published bimonthly by the IEEE Computer Society.
IEEE Headquarters, Three Park Ave., 17th Floor, New York, NY 10016-5997; IEEE
Computer Society Headquarters, 2001 L St., Ste. 700, Washington, DC 20036; IEEE
Computer Society Publications Office, 10662 Los Vaqueros Circle, PO Box 3014,
Los Alamitos, CA 90720.

Subscribe to ZEEE Micro by visiting www.computer.org/micro.

Postmaster: Send address changes and undelivered copies to IEEE, Membership
Processing Dept,, 445 Hoes Ln., Piscataway, NJ 08855. Periodicals postage is paid
at New York, NY, and at additional mailing offices. Canadian GST #125634188.
Canada Post Corp. (Canadian distribution) Publications Mail Agreement #40013885.
Return undeliverable Canadian addresses to 4960-2 Walker Road; Windsor, ON N9A
6J3. Printed in USA.

Reuse rights and reprint permissions: Educational or personal use of this material is
permitted without fee, provided such use: 1) is not made for profit; 2) includes this notice
and a full citation to the original work on the first page of the copy; and 3) does notimply
IEEE endorsement of any third-party products or services. Authors and their companies
are permitted to post the accepted version of IEEE-copyrighted marerial on their own
web servers without permission, provided that the IEEE copyright notice and a full
citation to the original work appear on the first screen of the posted copy. An accepted
manuscript is a version which has been revised by the author to incorporate review
suggestions, but not the published version with copy-editing, proofreading, and for-
matting added by IEEE. For more information, please go to wwwi.ieee.org/
publications_standards/publications/rights/paperversionpolicy. htrnl.

Permission to reprint/republish this material for commercial, advertising, or promo-
tional purposes or for creating new collective works for resale or redistribution must be
obtained from IEEE by writing to the IEEE Intellectual Property Rights Office,
445 Hoes Lane, Piscaaway, NJ 08854-4141 or pubs-permissions@ieee.org.
Copyright © 2016 IEEE. All rights reserved.

Abstracting and library use: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy for private use of patrons, provided the
per-copy fee indicated in the code at the bottom of the first page is paid through

the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.
Editorial: Unless otherwise stated, bylined articles, as well as product and service descrip-
tons, reflect the author’s or firm's opinion. Inclusion in JEEE Micro does not necessarily
constitute an endorsement by TEEE or the Computer Society. All submissions are subject to
editing for style, darity, and space. IEEE prohibits discrimination, harassment, and bullying.
For more information, visit www.ieee.org/web/aboutus/whatis/polidies/p9-26.himl.

SUSTAINABLE Certified Sourcing
FORESTRY it————
INITIATIVE www.sfiprogram.org
SFI-01042




